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Abstract
This action research project focuses on implementing game-based learning into a first-grade
math lesson, to help improve addition facts and fluency. The study was conducted over a ten-day
period in one first grade classroom. Data was collected at the beginning of this study and at the
end to determine if playing games in math increases a student’s addition fact fluency . After the
initial one-minute addition pre-test, the students were divided into two groups according to
ability. One of the groups was the control group who learned addition math facts through paper
and pencil activities and the other group was the study group who learned addition by playing
games. After the ten days of intervention, students who were in the study group showed
significant growth after taking the one-minute addition post-test. The findings of this study found
that when the students played math games, they were able to do better on the one-minute
addition test and were more engaged and enjoyed math more than their counterparts.
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Introduction

Important mathematic concepts should be taught in the context of real-world problemsolving (Narode 2011). Young children are learners and learn by helping others, watching
parents and other children, and by interacting with things (Fuson, Clements, Sarama, 2015).
Activities that expose children to math content, such as counting, playing board games, and
talking about money, increase children’s math skills (Elliot, Bachman, 2018). The problem is
many teachers are still using the old methods of teaching mathematics by rote memory and
exercises involving pencil and paper, instead of employing math games which engage students.
Math tends to be taught in a manner that excludes making sense and thus many students
come to see math as an exercise absent of meaning (Furman, 2017). Most people learn by
moving from concrete to abstract thinking so manipulatives in early childhood development are
necessary in order to help bridge the divide. Manipulatives need to be implemented whenever
students are grappling with something new (Furman, 2017). Manipulatives need to be grounded
conceptually or students struggle considerably as soon as hands on is replaced with formulas
(Furman, 2017).
The purpose of this action research is to find out if playing math games will improve
math facts and fluency for first grade students. Children should grow and develop in an open
and stimulating environment, which is crucial for their development since it is important to
consider their interests, curiosity, and play (Lopes, Grando, Ambrosio, 2016). Early childhood
teachers have an opportunity to prepare themselves with research-based instructional approaches
to improve children’s mathematics outcomes (Jacobi-Vessels, Brown, Molfese, Do, 2014).
Researchers Jacobi-Vessels, et al., (2014) assert that early mathematic skills form the foundation
for later learning.
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The peer-reviewed research studies within the last 10 years included in the literature
review are from the DeWitt Library. The topics and themes researched include early learning
and play-based learning. This literature review is setup to address the following subheadings:
learning mathematics through problem solving, benefits of game-based learning, how young
children learn math. The underlying research question for this action research is whether play in
math increases a student’s ability to retain math addition facts and fluency. The research that has
been conducted is in favor of play-based learning in early childhood.
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Literature Review

Most people learn by moving from the concrete more abstract (Furman, 2017). To
promote math as a tool for making sense, early childhood math instruction ought to teach in a
manner that helps children make sense of mathematics (Furman, 2017). The purpose of this
literature review is to see in what ways children learn math best. By finding out the ways in
which young children learn math, we are better able to meet the needs of all early learners.
Childhood play, games, and problem-solving activities enable the development of mathematical
concepts that create opportunities for children to construct meaning and relationship (Lopes,
Grando, D’Ambrosio, 2016). When shown that play based games for children will increase
learning and enjoyment, then educators can think of new ways to incorporate play-based learning
into math and use it to increase math fact fluency.
Learning Mathematics Through Problem Solving
The culture of children is crucial for their development, and also is the means through
which most of the experiences of their lives are reflected (Lopes, Grando, D’Ambrosio, 2016).
When taking the culture into consideration and planning children’s educational activities, it is
important to take their interests, curiosity, and playful interactions into account (Lopes, Grando,
D’Ambrosio, 2016). There is a need to create learning spaces that foster knowledge, awareness
and not just the transfer of information (Lopes, Grando, D’Ambrosio, 2016). Furthermore,
Lopes, Grando and D’Ambrosio, (2016) believe that learning spaces which incorporate play can
help children develop mathematical ways to understand the world. Chen, et al. (2013) found out
that when asked how preschoolers learn math, a large majority of teachers (87.6%) responded
that many children learn math through everyday experiences (Chen, McCray, Adams, Leow,
2013). Lopes, Grando, D’Ambrosio (2016) also agree that children witness processes through
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which adults sell, buy, swap, measure quantities, evaluate increases, decreases or alterations, use
maps, calculate, and estimate measurements and distances. This illustrates the importance of
problem solving in the daily lives of children as a means for learning. Jacobi-Vessels, et.al.
(2014) states that higher conceptual development is facilitated when children are engaged in
intentional, organized problem solving and teachers include activities and questions that support
children’s reasoning. “When early childhood educators adopt investigative processes in their
classrooms, they allow the children to be active participants, who can integrate, interact and
promote change” (Lopes et al., 2017).
How Young Children Learn Math
When 346 preschool teachers were qualitatively surveyed what they believed about how
young children learn math, the majority believe that young children have the cognitive abilities
to learn math. That means that children are capable of learning math, but we must go about to
find the most effective methods to teach them math.
Students in the United States have performed relatively low compared to students from
other countries and studies have shown that early mathematics skills impact later achievement.
This has led to attention on early childhood mathematics instructional strategies (Jacobi-Vessels,
et.al., 2014). The research shows that Kindergarten entry skill levels are linked to later academic
achievement including eighth grade reading achievement. Jacobi-Vessels, et al., says that quality
instructional approaches during mathematics activities plays a critical role in engaging children
and advancing children’s mathematics learning trajectories. Furthermore, Farkas, et al. (2015),
conducted a study that finds first-grade teachers in the US may need to increase their use of
teacher-directed instruction if they are to raise the mathematics achievement of students with
math difficulties. Having both things said, it appears that Jacobi-Vessels and Farkas both agree
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that quality instructional strategies must be delivered by the teacher to educate our young
children.
Clements, et al. (2016), also concluded through their research that children from
preschool through the primary grades are interested in learning about STEM and can think about
these subjects in ways that are surprisingly broad and deep. When students are taught using
STEM they are engaged in learning on a whole new level. Students can learn STEM from early
childhood all the way through their teen years.
Benefits of Play-Based Learning
“Instructional approaches that capture and sustain children’s interest are essential in
changing the mathematics learning trajectories of preschool children” (Jacobi-Vessels, et.al.,
2014). However, children of East Asian descent who often learn in a facts-based, systematic
approach consistently outperform non East-Asian children (Jacobi-Vessels, et.al., 2014).
Furthermore, Jacobi-Vessels, et al. (2014) state promoting higher-level skills that expand
understanding rather than rote thinking is the best method to use.
In a study with 20 teachers from 2 public school districts and 1 independent school, it
was learned that guided play is an optimal pedagogy for supporting early math learning
(Wickstrom, Pyle and DeLuca, 2019). In Sweden, a study was conducted to prove how games
affect student understanding and attitudes towards mathematics. In the study 38 students were
put into 2 groups. 19 students were in the control group and 19 students were in the study group.
At the end of 9 weeks, it was discovered that playing games positively affected students’ math
comprehension, but does not affect students’ attitude towards math (Haake, Lindstrom, Sjoden,
and Gulz, 2012). “We encourage closer attention to potential interaction effects of social,
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motivational, and performance aspects in the context of playing the game. There are two reasons:
first, it is well established that motivational and cognitive factors of learning are intricately
related” (Pareto, et al., 2012).
In a study, according to Ramini and Eason (2015), a group of preschoolers over a span of
2 weeks at four15-20 minute sessions, were playing the number board game and after playing it
they showed improvements in their numerical knowledge of the numbers from 1 to 10,
specifically in their verbal counting skills, identification of numerals, and their understanding of
numerical magnitudes.
“When students participate in these activities, they actively construct and manipulate
images of numbers, decomposing and recomposing them to create combinations easier for them
to work with” (Kling, 2011). When math games are used for learning purposes, not only are they
more enjoyable, but they understand math on a whole new level.
Attitudes towards Play in Learning
According to Fuson, Clements and Sarama (2015), most of us learned math without much
understanding. We learned by rote teaching and learning with little thinking. On the contrary the
NRC report found that “learning is much more complex and interactive and that these
simplifications are limiting and therefore damaging to children” (Fuson et al., 2015). In a
Kappan article, “Making play work for education” (Weisberg, Kittredge, Hirsh-Pasek,
Golinkoff, & Klahr, 2015), they make a support play that is initiated by an adult and can
therefore support educational goals. But strong language is used concerning other activities in the
early childhood classroom, for example direct instruction or didactic situations instead of saying
intentional teaching, or co-opted play instead of teaching on the fly. This characterized most
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adult interactions with children play as exerting harmful control that interferes with children’s
autonomy (Fuson et al., 2015). Having said that, most of the articles that I reviewed are in favor
of play-based learning in early elementary.
Working Memory in Mathematics
A Finnish preschool study conducted on 61 children ages 5-6 determined that training in
counting skills by playing numerical games in preschool and kindergarten context seems to be a
promising method to improve early math skills. Children were tested using early numeracy test,
matrix task, the odd one out test, word-span forward task, word-span backwards task, digit-span
forward task, digit-span backwards task, block design and vocabulary, counting training,
working memory and counting training and data analysis over a seven week span which focused
on two 30 minute sessions for 4 weeks (Minna, Kanerva, Kroesbergen, 2015). Meloni, et al.
(2019), also did a study in which 43 Italian first graders were studied over the course of a year to
find if there is a connection between visuospatial working memory and math ability in young
children. They found that active visuospatial abilities are involved in math learning and may be
different at different ages during math learning processes.
Math Difficulties
In a study of 110 first graders who were having math difficulties addition tutoring with
embedded vocabulary was used on the study group and addition tutoring without an embedded
vocabulary was used on the control group over the course of two months. It was determined that
there may be merit in embedding vocabulary instruction within addition tutoring for students
with math difficulties (Powell and Driver, 2015). Three preschool children at three public
preschools were qualitatively studied on effective strategies to use when teaching young children
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with disabilities number sense. All three children were on an IEP and were tested for 10 sessions
at 5-15 minutes per session. They were asked to point to number symbols 2, 3, 4, 6,7, 9 and
three shapes using multiple-baseline probe and a coding sheet was used to collect data on the
participant’s correct and incorrect engagement in the target behavior. The findings determined
that the intervention strategy was successful in teaching numeracy/math skills to preschool-aged
children with special needs in an inclusive early childhood setting (Davenport and Johnson,
2015).
Specific to Addition
“Activities like quick images with dot patterns, ten-frames, and games-such as Tens Go
Fish and Turn Over Ten-are not only engaging for students and helpful for memorizing key facts,
doubles, and combinations of 10 but are also grounded in essential mathematical ideas.” “In
essence, they begin to develop fluency with their basic addition facts without even realizing it”
(Kling, 2011).
Through research, it can be concluded that when you incorporate play into learning
children have a greater understanding and long-term retention of math concepts. The students are
able to deepen their understanding of math and enjoy learning in an atmosphere that is conducive
to age-appropriate lessons. Children develop concepts through interacting with objects or in play
(Fusion, et al., 2015).
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Methods

Participants
This action research study was completed in one first grade classroom. All students who
participated in this study were 6 and 7 years old. Eleven students were male, and 7 students were
female. Twelve students were Caucasian, one was Pacific Islander. Three students were
Hispanic, one student was Asian, one student was African American. The students spent their
time in the classroom with the teacher. Some students were pulled occasionally for SPED and
intervention. The time frame in which this research took place was 10 minutes a day for 10 days.
Data Collection
The researcher focused on a quantitative method approach which shows that the results
from this action research will have impact on the future methods of teaching mathematics in a
first-grade classroom. The one-minute addition timed pre-test was measured for quantitative data
collection on the dependent variable of students, which addressed the following research
question, “Does play in learning addition math facts increase students’ math fact fluency and
retention?” The one-minute addition timed pre-test (see Appendix A) consists of the researcher’s
students labeled as student 1, student 2, etc. The graph allows for the variables in the testing
period. For example, student 10 was absent due to illness at home, students 2 and 3 were out of
the room due at times due to being pulled by special education teachers. The data collection
process took place over the course of 2 weeks (10 days). To protect the identities of the
participants, all data collected has been and will be stored in a secured place and remain
confidential.
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Description
The research question that this project was focused around was: Does playing games in
mathematics increase students math fact fluency and retention regarding addition? On day one,
all the students were given the “one minute addition timed pre-test.” The researcher took the
results from the one-minute addition timed pre-test and split the class into two groups, a control
group and the play-based group based on scores so that each group had the same number of high
and low scores in the group. The independent variable in the play-based group was that they
were given addition games to play for 10 minutes while the control group was given paper and
pencil addition facts to solve for 10 minutes. The dependent variable was the time test. The
qualitative data that was collected is the observations that was completed by the researcher. The
quantitative data that was collected is the attendance chart and the paper and pencil addition facts
on the control group and the “one-minute addition pre-test and post-test” (see Appendix A and
B). The students were observed throughout the math small group time.
The action research study had human participants participating, but no interviews or
confidential information will be shared. The IRB approved this action research project. The
study posed limited to no risk to all participants, the research was conducted in a public school
and didn’t involve data from secondary sources. Since the researcher completed this study in
their own classroom, a potential bias did occur. One potential bias was that the study was
conducted on eighteen first graders, it was not based on all first graders. Another potential
limitation was that the study was conducted in a rural Midwest public school that is receiving
funds for Title. This could greatly change if the setting and demographics were different.
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Data Analysis
The data collected was represented through the pretest and posttest. The researcher marked
the score after the one-minute pretest and then again after the ten days when the one-minute posttest
was given. After the pretest was given the scores were then tabulated and the students were divided
into two groups based on scores so that each group would have the same number of high and low
performing students. The intervention took place the 10 days following the pretest. The first game the
students played was a build a tower adding game in the study group. The second game the students in
the study group played was the roll and add a pumpkin game and the third game that was played was
the card game “addition war” that they played with a partner.
The baseline data average for the control group on the one-minute pretest was 9 addition
problems answered correctly in one-minute. The baseline data average for the study group was 6.88
addition problems answered correctly in one-minute. The data that was collected was based on the
mean of the one-minute pretest data (see table 3). The averages ranged from 1 to 22. By providing this
baseline data, the researcher was able to look at this data and compare it to the intervention data that
was collected.
Analysis of Intervention Data
The post-test data average after the intervention for the one-minute posttest was 13.88 addition
problems answered correctly in one-minute for the control group. The posttest data after the
intervention for the one-minute posttest was 12.33 for the study group. The averages ranged from 0 to
32. The data was collected after the ten-day intervention. By providing this intervention data, the
researcher was able to look at this data and compare it to the baseline data that was collected.
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Control Group for One-Minute Timed Addition Test
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An independent sample t test was conducted to determine whether there was a significant
difference in students’ prior knowledge on fact fluency. A baseline pretest was given to show
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students’ fact fluency ranged from 3 to 22 in the control group (M = 9, SD = 6.24) and 0 to 18 in
the study group (M = 6.88, SD = 6.13). Pretest showed no significant difference, t (16) = 0.723,
p = 0.479. Yes, my groups started off at the same academic level because there was no
significant difference between the groups. The p of 0.479 was not less than or equal to 0.05.
A dependent sample t test was conducted to see whether students in the control group had
different pretest and posttest mean scores. Students in the control group showed significant
growth between the pretest (M = 9, SD = 6.24) and the posttest (M = 13.88, SD = 7.89),
t (8) = -2.308, p =.049. Yes, the control group improved from the pretest to the post-test because
the p was less than 0.05.
A dependent samples t test was conducted to determine whether students in the study
group had different pretest and posttest mean scores Students in the treatment group also showed
significant growth between the pretest (M = 6.88, SD = 6.13) and the post-test (M. = 12.33, SD =
9.38), t (8) = 1.86, p = 0.003. The intervention of games that teach addition improved student’s
facts and fluency.
An independent samples t- test was conducted to determine whether the intervention of
game-based addition resulted in different posttest mean scores between students in the control
group and students in the study group. There was no statistically significant difference between
the posttest mean scores of students in the control group (M = 13.88, SD = 7.89) and students in
the study group (M = 12.33, SD = 9.38), t (16) = 0.381, p = 0.708.
Though there was definitive growth in the area of addition in both groups. The intervention
resulted in only marginal increase of addition fact fluency above the study group, not as much as
initially hypothesized.
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Findings

The results of this study conclude that playing math addition games increases a student’s math
fact and fluency. The increase was minimal and with more time the researcher might have seen
larger gains, but there was an increase as shown by Table 2. The blue bar graph line was the
initial one-minute addition timed test, and the orange bar graph line was the one-minute addition
timed test after the 10-day intervention. The results show that, on average, most students
increased in their fact fluency. There was also notable increase in the control group as shown by
Table 2.
The researcher found that the data that was collected developed a better knowledge of
how playing games in relation to learning math addition facts could improve the student’s math
fact fluency. The researcher also found that the students who played the math games were more
engaged and excited about math time which helped with an increase in math learning and
enjoyment that could last them for years to come.
Limitations of the Study
A limitation of this research study is that the children are human and because of that they
are subject to human emotions and behaviors that may show inaccurate test results depending on
their mood that time of day. To reduce this limitation, future research will need to be done.
These studies could include students who are older.
Because the study was conducted within a short timespan, only 10 days, the results could
be altered due to lack of sufficient time to gain fact fluency results. To reduce the limitations of
short timespan, future research will need to be done over a longer amount of time, perhaps a year
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to see if the results would be clearer and if there would be a larger gap between the control group
and the study group at the end of the study.
Because of the student’s needs and abilities, the results could be altered. Some of the
students were pulled during the testing period because students 4, 14, 16 were SPED and
students 7, 13, 14 were ELL and needed to meet with their respective teachers. Student 15 was
absent for 2 weeks due to COVID and no baseline data was received on her which altered the
test. This limitation could not be changed due to COVID-19 and sickness.
Further Study
When thinking about further research and study more can be done in relation to learning
math facts and fluency through playing games. This study focused on student’s ability to retain
math facts and fluency in relation to playing games. More research could be done on the impact
of playing games in other content areas such as reading, writing, science, social studies. More
research could also be done in relation to student’s attitudes towards learning in regard to playing
games. The research could be done over many subject areas and grade levels.
Research could also be conducted in other countries where students are exposed to other
forms of teaching methods. When comparing students in other countries or even other parts of
the United States more research can be gathered on how students learn based on geographical
region or are all children wired to learn the same way. So many factors go into research in a
topic that can span across state and city boundaries and even across the world.
This research was limited to a small first grade class of 18 students. In future research, it
is recommended that the study include a larger group of students in the school. This would allow
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for more accurate data as it would include many more children of diverse backgrounds and
academics.
Lastly, future research should include a longer span of time. Ten minutes a day for a tenday period of time did not seem adequate enough to gather the necessary data. By adding more
time to the study more data can be collected thus resulting in greater results and a truer picture of
whether math games truly enhance students’ ability to retain math addition facts and fluency.
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Conclusion

It is commonly agreed that young children’s learning is often situated in play (Bjorkland
et.al, 2020). Play is essential in early childhood education and there are great benefits when
content is connected to play. When playing games is introduced in math to learn addition facts
children not only retain and grow in math facts and fluency but also enjoy math and have a better
attitude when it comes to math. Studies have proven that students who learn through guided play
than didactic instruction are more likely to succeed as it encourages children to take on an active
role (Ramani and Eason, 2015). By implementing playing games into math, the students can
retain more and be more engaged and enjoy learning.
Through the research, the researcher was able to determine that incorporating math
games into learning math addition facts increased students’ math facts and fluency on the oneminute addition test. Playing math games also gave the students a better attitude towards learning
math. The researcher believes that to get more accurate data the study would have to take place
over a longer amount of time and with a larger group of students. Through time and a larger
group of students to conduct the study, further research would enable the researcher to conclude
more accurately if students are better off playing games to learn math facts and fluency.
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